Background: The acute kidney injury (AKI) is a complex disease for which there is no accepted standard definition nowadays. The Acute Kidney Injury Network (AKIN) represents an attempt to standardize the criteria for diagnosis and staging of acute renal dysfunction based on recently published RIFLE criteria, that means, (Risk, Injury, Failure, Loss, and End-stage kidney disease).
Introduction
The acute kidney injury (AKI) is a complex syndrome, which occurs in many situations and with manifestations that vary from a small increase in serum creatinine (SCr) to the anuric renal insufficiency. Clinic results may be total recover or even death, including the development of chronic renal disease that may evolve to dependence on dialysis. AKI is a common complication in patients in serious disease status, which generates a raise in hospital costs 1 and is associated with high mortality rates, that is, it is an independent predictor of risk of death 2, 3 .
Despite the advances in the treatment and knowledge of this disease, many aspects in this field remain controversial, confuse and without consensus. Over 30 different definitions have been used in literature, making comparisons difficult 4, 5 . After cardiac surgery, AKI may occur in up to 41.3% of patients, with a rate of 9.6% of necessity of dialysis (particularly in patients with preoperative renal dysfunction) 6 . Hospital mortality rate is close to 1% when there is no aggravation in renal function. When there are moderate alterations, this rate may be around 20%, and when there is a need of dialysis, it may exceed 50% [7] [8] [9] [10] .
Efforts to achieve a consensus on the AKI definitions led to the formation of International Acute Kidney Injury Network (AKIN). This new definition for AKI was developed in accordance to the five-step classification known by the acronym RIFLE (Risk, Injury, Failure, Loss, and End-stage kidney disease) 4 , which is based on SCr alterations and/ or urinary debt, and that divides AKI into three categories, according to gravity, and into two categories that reflect the persistence of renal function loss. Consistent with the AKIN criteria, the increase higher than or equal to 0.3 mg/dL in SCr or an increase of 50% in its basal value (within a period of at least 48 hours) characterize AKI.
The objective of this paper was to evaluate, founded on AKIN criteria, the incidence of clinical complications and death occurrences associated with AKI in patients that underwent onpump coronary artery bypass graft surgery (on-pump CABG).
Methods

Subjects selection
In an open and consecutive study, 1,151 patients submitted to myocardial revascularization were evaluated in the period of January 2003 to January 2008. Data were prospectively obtained through search in electronic databases, with retrospective assessment of the variables. The present study was approved by the local Research Ethics Committee and registered in the website ClinicalTrials.gov (NCT00780845).
The change in SCr was defined as the difference between admission creatinine (immediate post-operative period) and the highest value obtained during the patient's permanence in the intensive care unit (ICU).
The patients were divided into two groups, according to their renal function and based on the AKIN classification:
• normal renal function, or AKI (-): patients without AKI after on-pump CABG;
• acute kidney injury, or AKI (+): patients with an increase higher than or equal to 0.3 mg/dL in SCr levels, or increase in the SCr higher than or equal to 50% in its basal value within a period of at least 48 hours 11 .
The assessed variables were: mortality within 30 days, prolonged permanence in ICU and complications such as atrial fibrillation, reintubation due to pulmonary aggravations, prolonged mechanic ventilation (>24 hours), deep surgical site infection (Mediastinal infection) and type I neurological dysfunction. The preoperative estimation for risk of hospital death was calculated by means of the Logistic EuroSCORE 12, 13 .
Serum creatinine dosage
Dosage of SCr was made by means of Jaffé colorimetric method (ADVIA TM 1650, Bayer). The reference values for adults are: 0.6 to 1.3 mg/dL for men, and 0.6 to 1.0 mg/dL for women.
Definition of the complications
The following occurrences were defined as post-operative clinical complications:
• cardiac arrhythmias: acute atrial fibrillation that last more than one hour;
• reintubation due to pulmonary complications: tracheal reintubation due to respiratory insufficiency that results from alterations in respiratory mechanics or respiratory infection (tracheobronchitis or pneumonia);
• mediastinal infection: mediastinal secretion associated with clinical signs of infection (fever, leukocytosis, thoracic pain) with or without sternal instability and with secretions culture or positive hemoculture during the first 30 postoperative days;
• type I neurological lesion: new and persistent focal motor deficit, coma, seizure or encephalic lesion documented by cranium computed tomography or magnetic resonance imaging;
• death: all-cause mortality within 30 days after surgery.
Inclusion criteria
Patients submitted to on-pump CABG and patients who had at least two dosages of SCr after surgery, within at least 48 hours.
Exclusion criteria
Carriers of terminal chronic renal disease and that were under dialysis treatment previously to the cardiac surgery.
Statistical analysis
Categorical data are presented in absolute numbers and percentage, while continual variables are presented in mean ± standard deviation (SD) or median and interquartil range. Continual variables of the groups were compared by means of Mann-Whitney non-parametric test. The chi-square or Fisher's exact test was used for the comparison of categorical variables. Kaplan-Meier curves were constructed for mortality within 30 days, and the p-values were calculated through Long-Rank and Wilcoxon tests.
Presence of AKI was determined and compared through the analysis of Receiver Operating Characteristic (ROC) curve for mortality within 30 days. An area of 1.0 under the ROC curve indicates perfect discrimination, for an area of 0.5 indicates that the result of the test is not better than chance. Areas of 0.5 to 0.7 suggest low predictive discrimination, and values higher than 0.7 confirm the utility of the model as a risk predictor 
Results
Among the 1,151 assessed patients, 817 (71%) underwent surgery with extracorporeal circulation. Patient's mean age was 61±9 years, and 567 of them (70%) were males. Median EuroSCORE was 1.8 (1.2 a 3.0). Criteria for AKI diagnosis, based on AKIN classification, were fulfilled by 396 patients (48.5%), and 31 patients (3.8%) needed dialysis. The patients who presented AKI were mainly old-aged (60 versus 62 years old), had higher diabetes mellitus rates (31 versus 39%) and had a larger proportion of female gender. There were no statistically significant differences between groups in extracorporeal circulation duration ( Table 1 ). The mean creatinine increase rate was 21% in AKI group (-) versus 61% in AKI group (+). Patients who evolved AKI in the post-operative period had basal values in the second day of this phase and maximum creatinine values that were higher than those of the patients without AKI (Table 2) .
Median permanence period in ICU was 2 versus 3 days, and a bigger proportion of AKI (+) patients had prolonged Subgroup analysis demonstrated that the manifestation of AKI in post-operative period was an independent predictor of death within 30 days (Table 4) for patients with normal basal SCr (males ≤1.3 mg/dL and females ≤1.0 mg/dL) as much as for those with altered SCr (males ≥1.4 mg/dL and females ≥1.1 mg/dL).
In the normal basal SCr patients subgroup, prevalence of AKI was 40% and mortality rate within 30 days was 11.2 versus 1.1% (p<0.0001; approximate power for 5% statistical significance of 99% and population attributable risk of 78%). AKI prevalence in patients with altered basal SCr was of 59%, with mortality rate of 14 versus 2% in the patients without post-operative AKI (p<0.0001; approximate power for 5% 
Discussion
After cardiac surgery and depending on the base criteria, AKI may occur in up to 41.3% of patients, with a rate of 9.6% of need of dialysis (mainly patients with preoperative renal lesion) 6 . Hospital mortality is close to 1% when there is no renal function aggravation, is close to 20% with moderate alterations in renal function and exceeds 50% when dialysis is required 7, 9, 10, 15, 16 . AKI is a complex clinical status and has heterogeneous etiology, which makes nephrologists and intensivists discuss the necessity of diagnosis, staging and prognosis standardization. An ideal classification for AKI should have high accuracy and be predictor of relevant clinical results and mortality. Many papers on severely sick patients 15, 17 and patients submitted to cardiac surgery 1, [18] [19] [20] have been published in an attempt to validate these criteria.
In this study, we observed that the AKIN classification may be easily applied to patients submitted to cardiac surgery. According to this staging, 48.5% of the patients fulfilled the criteria for AKI diagnosis, which shows a prevalence that is higher than those found in other publications. In spite of the application of the same diagnosis criteria, the AKI rates may vary considerably, ranging from 6.9 to 42.5% of incidence 1, 21 . Mortality rate of the studied AKI patients was high (12.6%), reaching 55% among the patients who needed dialysis (in contrast to 1.4% of death occurrences in patients without AKI). Despite the higher rates of AKI (59%) and mortality (14%) in patients with altered basal SCr, the patients who had their renal function maintained in the post-operative period presented low mortality rate (2%), as shown in other studies 6, 22 . statistical significance of 98% and population attributable risk of 78%).
In the multivariate logistic regression model, only AKI and mechanic ventilation >24 hours were independent predictors of death in global analysis as much as in the subgroups analyses (Table 4 .3% of patients with AKI based on RIFLE classification. Patients with severe renal lesion, RIFLE-F (failure), had mortality rate of 32.5% within 90 days in comparison to 8% with RIFLE-R (risk) and 21.4% with RIFLE-I (injury). Patients without AKI showed mortality rate of 0.9%. In a multivariate logistic regression model, the RIFLE classification was an independent mortality predictor within 90 days.
New markers, such as cystatin C, interleukin-18, Kidney Injury Molecule-1 (KIM-1) e Neutrophil Gelatinase-Associated Lipocalin (NGAL), have been tested for precocious detection of AKI patients 26 , but their utility and/or superiority are still to be proven.
Clearly, this study demonstrates that even discrete alterations in renal function, taking into account the AKIN criteria, are independent predictors of death within 30 days after on-pump coronary artery bypass graft surgery (onpump CABG) in patients with normal basal SCr, as much as in those with altered basal SCr. The percentage (≥50%) or absolute (≥0.3 mg/dL) increase in SCr remain as a powerful renal function assessment instrument in patients submitted to cardiac surgery.
Conclusion
In the studied population, even a discrete alteration in renal function was an independent predictor of death within 30 days, as taken into account the AKIN classification. This group of patients presented higher permanence and prolonged stay rates in ICU (>14 days) and also a bigger proportion of clinical complications in the post-operative period.
